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A HSTUAfT 


Tin*  three  standard  Air  Force  depth  percept  cm  t « * s t s  for  pilot  and  obsor.er 
qualification  an*  tin*  Vision  T**st  Apparatus  Near  and  Distant  ( VTA-NDl,  Verhoeff 
Si t  i copter  (DI'A  V).  and  lloward-Dolman  apparatus  (H-D). 

The  sterei iM'opir  an^lc  ( »>  I  for  1  lit*  VTA  ND  is  2f>  seconds  of  arc,  32  seconds  for 
the  DI'A  V,  and  II  seconds  fot  the  H-D. 

An  enlarged  Verhoeff  (SAM-Vl  was  utilized  at  equivalent  calculated  distances  to 
compare  with  the  chive  mstiumonts  under  thcii  individual  parallactic  an^lc  conditions 

Data  analysis  showed  the  following:  (1)  Kmployment  of  the  standard  criteria 
for  flying  qualification  lesultcd  in  the  Verhoeff  passing  the  greatest  number,  followed 
by  the  VTA -ND.  and  the  H-D.  Neither  the  Verhoeff  noi  H  D  results  statist icalh 
differed  from  those  of  the  VTA  ND  (2)  The  SA.M-V  generally  passed  feuei  Mib- 
jeets  than  tin*  corresponding  standard  tests. 

The  results  found  with  the  standaid  Air  Fmce  tests  ue  not  a  full  measute  of 
depth  discrimination  capability.  A  test  concept  is  described  which  would  incorporate 
a  dynamic  component  into  depth  jud^no-nts. 
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THE  STEREOSCOPIC  ANGLE  AND  ITS  RELATIONSHIP  TO  THE 
STANDARD  AIR  FORCE  TESTS  FOR  DEPTH  PERCEPTION 


I.  INTRODUCTION 

An  applicant  for  Air  Force  training  as  a 
pilot  or  observer  is  required  to  demonstrate 
depth  appreciation  duritiK  his  physical  ex¬ 
amination.  If  he  can  show  a  stereoscopic  acuity 
of  25  seconds  (9)  or  better  on  the  Vision  Test 
Apparatus — Near  and  Distant  (VTA-ND)  ('), 
he  is  (pialified  in  this  attribute. 

Failure  in  the  above  test  transfers  tin* 
candidate  to  trial  with  the  Yerhoeff  Stereopter 
(DI’A-V).  Depth  judgments  at  1-m.  distance 
subtending  a  stereoscopic  angle  (-,)  ot  .”>2  sec¬ 
onds  (22)  must  be  accomplished  for  eight  con¬ 
secutive  presentations  for  initial  test  success. 

Fa. hire  of  one  or  more  presentations  re¬ 
quires  16  subsequent  exposures,  from  which 
one  or  more  incorrect  responses  direct  the 
candidate  to  a  Howai d-Dolman  (H-D)  trial 
utilizing  a  20-foot  test  distance.  This  test  re¬ 
quires  that  the  mean  displacement  of  the  mov¬ 
able  rod  must  not  vary  in  depth  localization  by 
more  than  20  mm.,  corresponding  to  an  11- 
seconds  (2)  stereoscopic  angle,  in  attempted 
alignment  with  the  fixed  rod. 

The  tests  in  this  investigation  were  ad¬ 
ministered  in  accordance  with  the  standard 
procedures  outlined  in  Air  Force  Manual  160-1, 
"Medical  Fxamination  and  Medical  Standards” 
(.')),  with  one  exception:  a  headrest  was  used 
with  the  Howard-Dolman  apparatus. 

I  ho  VTA-ND  utilizes  a  stereoscopic  prin¬ 
ciple.  It  is  an  artificial  test  situation.  Some 
indiviiii.  ds  who  fail  may  actually  have  good 
depth  appreciation,  but  are  unsophisticated 
users  ol  this  optical  device.  Those  who 


demonstrate  a  pure  stereopsis  capability  do  not 
necessarily  operate  effectively  in  a  natural 
t  hree-dimensiona!  environment . 

Mofstetter  (S)  reports  on  a  study  in  which 
a  stereoscopic-type  device  was  used,  and  the 
group  with  the  fewer  minor  accidents  scored 
higher  in  stereopsis.  However,  there  was  no 
statistically  significant  difference  between  the 
average  scores  in  a  serious-injury  group  and 
an  accident-free  group. 

From  a  review  of  the  literature  ( 12,  19,  20) 
it  is  apparent  that  factors  additional  to  stereop¬ 
sis  are  in  play  during  the  DI’A-V  and  11-1) 
tests. 

The  Verhoeff  device  at  the  1-m.  test 
distance  requires  the  employment  of  a  1-m. 
angle  of  convergence  and  1  diopter  of  accom¬ 
modation,  for  the  test  distance,  by  all  subjects 
in  this  study. 

Since  the  DI’A-V  testing  is  performed  at 
the  1-m.  distance,  it  does  not  necessarily  follow 
that  qualification  in  this  instance  can  be 
transferred  to  the  more  distant  requirements 
of  the  pilot.  The  pilot  and  aircraft  observer 
would  be  restricted  to  an  operating  distance  of 
a  meter  or  less  only  when  instrumentation 
reference  or  preoccupation  with  charts  and 
writing  so  confined  them. 

Important  exti a-cockpit  depth  judgments 
must  be  made  by  the  pilot  during  landing  and 
takeoff,  formation  flying,  and  aerial  refueling, 
in  order  to  take  corrective  action  to  prevent 
collisions. 

A  principal  objection  by  the  authors  in  the 
use  of  the  Howard-Dolman  apparatus  as  the 


bent  index  fur  depth  testing  at  a  distance,  is 
tlie  requirement  that  the  two  rods  be  posi¬ 
tioned  mi  that  no  difference  in  proximity  to  the 
observer  is  apparent.  Stereoscopic  acuity  is 
determined  by  the  just-noticeable-difference 
(  I  N  I>.)  in  relative  depth  that  a  normal 
binocular  individual  can  discriminate  between 
targets  i'he  fact  that  an  observer  can  place 
the  movable  rod  at  a  mean  variation  of  20  mm. 

loser  or  farther  than  the  fixed  rod  provides 
latitude  about  double  that  implied  by  the  mean 
of  11  -seconds  stereoscopic  angle,  over  the  five 
determinations  given  for  the  test.  The  full 
taupe  of  deviation  may  be  (it)  mm  which  would 
allow  a  22-seioiuls  stereoscopic  angle  spread. 

To  this  point,  the  stereoscopic  angle  has 
been  the  only  factor  considered  for  the  Ver- 
hoeff  and  the  lloward-Dolman  tests.  The 
pa’'e'-  !>y  Sloan  and  Altman  < ‘JO)  explored  the 
effect  of  conflicting  size  cues  in  the  stereopter, 
and  compared  the  test  results  with  the  stand¬ 
ard  Verhoeff  and  a  special  Verhoeff  device 
where  the  bars  were  uniform  in  width.  Statis¬ 
tically,  they  found  a  significant  improvement 
in  depth  appreciation  with  the  modified  Ver¬ 
hoeff,  making  it  evident  that  the  standard 
\  erhoeff  instrument  renders  depth  judgments 
mure  difficult . 

The  lloward-Dolman  possesses  the  follow¬ 
ing  attributes  which  may  be  additional  to 
stereopsis  in  rod  localization.  In  moving  the 
peg  closer  to  the  testee.  the  angular  subtense 
is  increased,  and  the  rod  may  appear  larger 
than  the  fixed  one.  Retinal  image  size  will 
decrease  when  the  rod  is  moved  farther  from 
the  obsei  ver  than  the  position  of  the  stable 
comparison  peg. 

Howard  (10)  and  Hirsch  el  a!.  (7)  in¬ 
vestigated  the  significance  of  this  size  change, 
and  concluded  that  this  factor  was  inconse¬ 
quential  foi  threshold  i,l.. VI).)  detection. 
However,  Hirsch  et  al.  found  a  significant  el- 
feet  upon  the  position  of  subjeetiv . pialily. 

Kinesthetic  (hand-eye  coordination)  contri¬ 
butions  to  depth  judgment  have  also  been  ad¬ 
vanced.  as  secondary  factors,  in  testing  with 
the  II  D  apparatus.  Sloan  and  Altman  (20) 


used  a  pulley  arrangement  to  offset  the 
kinesthetic  cue.  Their  results  indicated  that 
kinesthetic  input  was  a  negligible  determinant 
in  Il-i)  results. 

Motion  parallax  is  produced  by  n  oving 
one’s  head  laterally,  and  assessing  the  spatial 
localization  of  one  object  with  respect  io  an¬ 
other  by  the  resultant  speed  and  direction  of 
relative  retinal  image  movements.  Monocular 
motion  parallax  is  a  strong  cue  in  depth  judg¬ 
ment.  However,  binocular  motion  parallax 
may  be  an  even  greater  discriminator  (-1,  20). 

The  standard  Air  Force  method  of  adminis¬ 
tering  the  ll-D  test  does  not  mechanically 
restrict  the  head  movements  of  the  examinee, 
but  relies  on  the  examiner  to  detect  gross  head 
movements,  and  to  caution  the  violator  when 
this  occurs  Laboratory  protocol  with  the  11-1) 
confines  t  he  subject's  head  in  a  chin-headrest 
combination  (20). 

In  summary,  the  factors  which  individually 
are  considered  insignificant  with  the  H-D,  may 
in  totality  still  influence  the  acute  depth  dis¬ 
crimination  exhibited. 

Of  the  three  standard  An  Force  depth  dis¬ 
crimination  tests,  the  Verhoeff  principle  ap¬ 
pears  to  be  the  least  objectionable  for  natural 
binocular  depth  perception.  Verhoeff  (22)  in¬ 
dicated  that  an  expansion  of  h’  '.sign  would 
yield  essentially  the  same  resin  s  when  tested 
over  the  same  parallactic  oigle  at  the  ap¬ 
propriate  distance. 

A  model  of  the  Verh<  eff  Stereopter 
(SAM-V).  constructed  at  the  I'SAF  School  of 
Aerospace  Medicine,  allows  a  .‘{2-seconds 
stereoscopic  angle  to  be  subtended  at  a  .‘5.14-m. 
placement  from  the  observer. 

Aceomnmda*  ion  convergence  was  changed 
by  this  test  procedure  from  the  diopter 
(I)l’T)  1  meter-angle  (M.A.)  (nsnl  in  \’<rln>>fi 
Itsl),  to  less  than  1  :t  DI’T  Ft  M.A.,  respectively. 
The  use  of  these  functions  for  depth  localize 
lion  is  considered  to  be  negligible  at  the  ex¬ 
panded  test  distance  ((>)•  (Iraliam  (0)  stated 
that,  ‘Vun>.  ergeiice  cues  cannot  be  different  ial 
h  ellerlive  for  objects  at  di- lances  greater 


than  about  20  yards.”  Ludvigh  (14)  com¬ 
mented  that  since  the  subject  cannot  report  on 
his  condition  of  convergence,  the  converger ~e 
mechanism  is  not  a  cue  to  space  judgment. 
?>Lb  subavashi  (15)  reported  that  convergence 
is  an  influencing  variable.  Glezer’s  (5)  results 
fail  to  show  evidence  of  depth  perception  aris¬ 
ing  from  changes  in  convergence.  Ittelson 
(11)  discounts  convergence  as  a  clue  to  ap¬ 
parent  distance. 

The  use  of  the  SAM-V  was  considered  as 
a  vehicle  for  studying  depth  judgments  on  all 
three  standard  tests,  with  the  SAM-V  being 
positioned  at  the  equivalent  distances  for 
matching  parallactic  angles:  3.14  m.  cor¬ 
responding  to  the  Verhoeff,  3.66  m.  for  the 
VTA-ND  (group  D),  and  5.43  m.  for  the  H-D 
apparatus. 

II.  METHODS 

The  96  volunteer  subjects  who  participated 
were  basic  airmen  in  the  physical  processing 
stage  of  induction  into  the  U.  S.  Air  Force  at 
Lackland  Air  Force  Base.  The  only  criteria 
used  in  selection  were  based  on  VTA-ND 
measurements  of  visual  acuity  and  phorias  (1) 
which  were  required  to  be  within  limits  for 
pilot  and  aerial  observer  training  (3),  and  a 
high  basic  intelligence  level.  All  men  were 
between  the  ages  of  17  and  22  years. 

The  subjects  were  divided  into  order  1  and 
order  2,  and  48  members  were  in  each  clas¬ 
sification.  Order  1  was  tested  through  the 
usual  order  of  instrumentation  as  given  to  a 
subject  who  experienced  difficulty  in  qualify¬ 
ing:  VTA-ND,  DPA-V,  and  H-D.  Following 
this  sequence,  the  SAM-V  was  employed  at 
3,14,  3.66,  and  5.43  m.  These  three  distances 
were  randomized  tor  each  order,  with  8  sub¬ 
jects  being  utilized  in  each  of  the  six  possible 
permutations  of  the  three  distances. 

Order  2  was  established  to  rule  out  the 
possible  effects  of  learning  due  to  previous 
exposure  to  the  hand-held  Verhoeff.  The 
sequence  for  order  2  was  the  VTA-ND,  SAM-V, 
II-D,  and  the  DPA-V.  Once  again,  all  per¬ 
mutations  of  the  SAM-V  distances  were 
employed. 


The  VTA-ND  and  Verhoeff  testing  were 
conducted  in  an  examining  room  with  ap¬ 
proximately  20  ft.-c.  (220  lux)  of  illumination 
at  the  working  level.  The  other  tests  were 
accomplished  in  a  standard  Air  Force  eyelane 
with  about  3  ft.-c.  (33  lux)  of  lighting. 

Pictorial  illustrations  of  the  devices  and 
targets  are  shown  in  figures  1  to  5. 

Each  subject  was  given  identical  instruc¬ 
tion  by  the  same  examiner  for  each  of  the 
devices.  VTA-ND  qualification  required  the 
identification  of  the  ring  which  was  stereo- 
scopically  displaced  closer  to  the  observer  than 
the  other  four  in  each  line,  for  al.  targets 
through  group  D.  The  testee  was  requested  to 
select  the  deviant  circle  for  all  lines  through 
group  F.  Group  D  corresponds  to  the  standard 
25-seconds  parallactic  angle,  group  E  to  20-sec¬ 
onds,  and  group  F  to  15-seconds  (9). 

The  DPA-V  was  administered  at  the  1-m. 
distance  by  the  examiner,  who  hand-held  the 
device,  and  imposed  no  head  restraints  upon 
the  testee.  The  Verhoeff  was  transformer- 
powered  to  provide  a  consistent  test  luminance 
for  all  candidates.  The  brightness  values  in 
this  instrument  and  in  the  H-D  were  not 
measured.  The  authors  concur  with  the  Ver¬ 
hoeff  (22)  statement  that  in  stereoscopic  judg¬ 
ments,  “The  character  and  the  intensity  of  the 
light  are  unimportant  within  wide  limits,  even 
more  so  than  for  tests  of  the  visual  acuity.” 

Identification  of  the  bar  which  was  closer 
or  farther  than  the  other  two  from  the  ob¬ 
server.  for  eight  presentations  given,  estab¬ 
lished  depth  discrimination  for  32  seconds  of 
stereoscopic  angle  if  all  were  correctly  named 
in  the  DPA-V. 

A  head 'est  was  used  in  testing  with  the 
II-D,  since  the  authors  believed  that  motion 
parallax  would  be  a  major  factor  in  depth 
judgment  (18).  The  test  distance  was  20  feet 
(6  m.),  and  the  subject  was  required  to  align 
the  movable  rod  with  the  fixed  one.  A  mean 
separation  of  30  mm.  or  better,  which  has  been 
historically  given  as  11  seconds  of  parallactic 
angle  (2,  10,  20,  22)  was  necessary  to  pass 
this  test. 
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In  order  to  discount  the  effect  of  pretest 
rod  position  upon  the  end-point  judgment  for 
Alignment  (23),  the  movable  rod  was  set  at 
some  arbitrary  distance  behind  the  fixed  rod 
in  three  of  the  trials,  and  in  front,  for  the 
other  two. 

The  examinee  manipulated  the  string-pulley 
arrangement  for  rod  alignment,  and  was  re¬ 
quired  to  completely  release  the  cord  after 
making  his  judgment. 


If  the  subject  failed  on  any  of  the  standard 
tests,  there  was  no  opportunity  given  for  re¬ 
peating  it,  as  is  the  usual  procedure  provided 
for  i ii  AFM  1  GO-1  (3) . 


The  SAM-V  was  used  for  comparative  pur¬ 
poses  with  the  three  standard  instruments 
The  headrest  was  used  in  this  test.  The 
.SAM-V  was  placed  on  a  stand  with  casters, 
and  the  test  distances  (3  1  I,  (iti,  a;  I  A.  l!t  m.) 
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were  marked  'in  1  he*  eyelaoe  floor.  As  sug¬ 
gested  in  the  report  by  Niven  et  nl.  (16),  this 
established  a  fiyeil,  nonrotating  base,  so  that 
tin*  bars  were  exhibited  in  the  l’rontai  plane, 
file  hand-heiil  Verhoeff  does  no.  offer  this 
njridity  of  position. 

III.  KKSIITS 

First,  statistical  testing  was  done  on  the 
SA.Vi-Y  data  to  determine  whether  the  passing 
results  were  , affected  by  the  different  permuta¬ 
tion-;  (six)  of  the  three  test  distances.  Kaeh 
order  was.  tested  separately.  On  order  1  the 
subjects  were  tested  on  the  SAM-V  apparatus 
last  (all  three  test  distances),  and  on  order  2 
the  SAM  V  apparatus  was  used  second  (after 
VTA-ND).  The  passing  results  are  given  in 


table  I  for  each  permutation  and  order.  Re¬ 
member,  eight  different  subjects  were  ob¬ 
served  for  each  permutation  on  each  order. 
Chi-square  testing  (21)  on  each  order 
separately  showed  t  hat  the  different  permuta¬ 
tions  of  the  three  SAM  distances  did  not  statis¬ 
tically  affect  the  pass  or  fail  results. 

Since  the  permutations  of  the  SAM-V  dis¬ 
tances  did  not  affect  the  pass-fail  results  with¬ 
in  each  order,  the  total  pass-fail  results  were 
compared  between  the  two  orders.  See  the 
bottom  line  for  each  order  in  table  1.  Chi- 
square  testing  showed  that  statistically  more 
subjects  passed  the  SAM-V  tests  for  order  2 
than  for  order  1  (I*  <  .01).  Thus,  it  appears 
that  if  there  was  a  learning  effect  for  order  1, 
it  was  offset  by  a  greater  fatigue  effect.  In 
subsequent  testing  the  data  for  the  different 
orders  on  SAM-V  are  tested  separately. 

The  pass-fail  results  were  also  compared 
between  the  two  orders  on  each  of  the  three 
standard  methods  of  testing  stereopsis.  The 
results  are  shown  in  table  II.  The  chi-square 
testing  showed  that  the  pass-fail  results  were 
within  statistical  fluctuation  between  the  two 
orders  on  each  of  the  VTA-ND  and  H-D 
methods.  However,  for  the  Verhoeff  method 
there  was  some  indication  that  more  subjects 
passed  the  test  for  order  2  than  for  order  1 
OP  <  .10). 

The  Verimeff  result  appears  to  contradict 
the  SAM-V  results.  Remember  the  DI’A-V 
met  ho, I  was  used  second  in  order  1  and  lost 
in  order  2.  If  the  fatigue  explanation  given 
for  the  SAM-V  method  was  correct,  then  one 
would  have  expected  order  2  for  Verhoeff  to 
show  it  ift  r  passing  the  test  rather  than  more. 

Roth  SAM-V  and  Dl’A-V  methods  show 
more  subjects  passing  order  2  than  for  order  1. 
One  can  attribute  this  to  chi  nee  or  perhaps  to 
a  learning  factor  gained  by  using  the  SAM-V 
earlier  in  the  order  which  offsets  the  fatigue 
effect  generated  by  repetition  at  the  three 
t os i  distances. 

The  pass-fail  results  for  the  combined  orders 
a-e  given  in  table  Ill  in  three  (Afferent  2x2 
arrangements  on  the  three  standard  methods. 
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( TSA  FSA  M  apparatus  (SA\f-\  ),  an  enlarged  Verhneff 
Stereapter. 


Each  2x2  arrangement  was  tested  separately, 
although  the  testing  results  are  not  complete- 
b,  independent  of  each  other.  Since  each 
method  was  used  on  each  of  the  same  9G  sub¬ 
jects,  the  testing'  between  methods  is  somewhat 
different  from  the  previous  testing  between 
orders  where  different  subjects  were  involved 
(21).  The  experimenters  were  interested  in 
knowing  whether  the  proportion  of  subjects 
passing  was  the  same  for  each  of  the  two 


methods  being  considered.  The  only  figures 
involved  in  the  testing  are  figures  from  the 
cells  where  the  methods  do  not  agree  on  the 
passing  or  failing.  Since  the  total  number  of 
disagreements  between  the  methods  was 
small,  an  exact  test  was  performed  on  these 
data  using  the  binomial  distribution.  Results 
showed  that  the  proportion  of  subjects  passing 
the  VTA-N’D  (group  I),  »,  25")  was  essential¬ 

ly  not  different  from  the  proportion  of  subjects 
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•'iht  vi  f  i  r.  mi  >>•»;'  *  )» f  /ifu1 fx  <*/  S  A  M  ■  \  ’  n  pfrn  ynt  ns. 


(..  -  ,'C  'hr  Yerhnef  1  (  22")  or  t  JlC  1 1  -  D 

trrt!  ...I  i.  1  I" I  There  was  some  indication 
■  mot  *  *  'Mt  passed  the  \orlmeff  than 

• :  ii  D  (P  I'D 

The  pass-t'ail  results  are  given  in  2  x  2 
arrangement-  for  each  SAM-\  distance  with 
r.uh  of  (lie  three  standard  methods  on  each 
order  'i  paratel'.  ,r,  tal.le  IV.  The  proportion 
of  sniper's  pas'inp  SAM-1  (2.14  in.)  was 
-ig m f lea 1 1 1 1 v  le->.»  than  the  proportion  of  sub¬ 
ject-  pa<-:ng  on  any  of  the  three  methods  for 
order  111’-  HI).  On  order  2.  t  he  proport  ion 
of  -uli|ec'  -  pason^  S.'M-l  was  essentially  the 
-time  a-  the  proportion  for  t  lie  standard 
met  hods. 

h  r  i e  o|.o|  l  mu  of  -uhteit-  pa.-'inp  SAM  2 
i  i  nii  m  l  was  |.  --  than  ’he  pr  -per ■'  ion  of  suh- 

’  •  i  .1  ",nc  (ii  an.  of  the  ;  i  1 1 1'  tnei  hods  for 


any  order.  All  tests  were  statistically  signif¬ 
icant  at  the  .001  level  except  VTA-NI)  order  2 
(I1  <•-  .05)  and  11-!)  order  2  (not  significant). 

The  propoition  of  subjects  passing  SAM-2 
(5.42  m.)  wa-  st;it istically  /css  than  the  pro¬ 
portion  of  .-uhjects  passing  on  any  of  the  three 
methods  for  any  order  (P  <  .001).  Only  4  of 
the  !U>  subjects  passed  SAM-2. 

On  each  order  in  table  V,  the  proportion  of 
subjects  passing  SAM-1  was  significantly 
greater  than  the  proportion  passing  SAM-2 
(P  .01).  Of  course,  each  of  these  SAM-V 
test  distances  passed  significantly  more  sub¬ 
jects  than  the  SAM-2  distance  (P  <  .001) 
Thu.-,  as  the  >/.-  decreased  on  the  SAM-V  test¬ 
ing,  the  proportion  of  subjects  passing,  de¬ 
creased 
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l‘assiii<i  results  mi  tin  three  distances  of  SAM-V  for 
pi  rmutution  irit hill  onlcr 
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TABLE  II 

Pass-fail  results  for  each  tinier  on  each 
standard  met  hod  of  test  inti  stcrcopsis 


M  cthod 
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1 
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•> 
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1 
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•> 

415 

1 

o 

TABLE  III 

Pass-fail  results  (orders  combined)  in  three 
J  x  J  urraut/emeuts  of  the  three  standard 
methods 


„  Verhoeff 

VTA 
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I’ass 

80 
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Fail 
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~\JI  1) 
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l’uss 

Fail 
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Fail 
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Kail 

Pass 
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TABLE  IV 


Puss-fail  rt  suits  for  rnrh  SAM  distance  with  inch  stinutnrd 

per  order 


method 
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TABLE  V 

I'nss-lnil  comparisons  In  t no  t  n  the  SAM  distmiei  k  per  order 


SAM-:t 


SAM-2 


SAM 

Pass  Kail 
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Pass 
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Kail 
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r> 
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fable  VI  shows  I  lip  pass-fail  results  of  il-U 
ai  il  Verlioeff  (Imtli  orders)  for  the  subjects 
who  passed  the  \  TA-NI)  and  also  lor  the  sub¬ 
jects  who  failed  VTA-NI).  From  t his.  one  can 
see  that  the  three  methods  apreed  on  a  total 
of  7b  (71  ■  d)  or  Sd ' ,  of  the  subjects  tested. 
Follow  nip  the  eotivent  ional  AF  order  of  testinp 
only  111  subjects  would  have  taken  the  Verlioeff 
after  failinp  the  VTA-NI).  Of  these,  only  ti 
would  have  taken  the  ll-L)  test.  However, 
there  was  some  indication  that  the  11-1)  method 
nassed  fewer  subieets  than  the  Verlioeff,  and 


also  the  proportion  passinp  was  essentially  the 
same  for  the  Verlioeff  and  VTA-NI)  methods. 
So,  under  the  conditions  of  the  experiment,  the 
conventional  sequence  of  testinp  is  not  too 
meaninpful. 

A  reason  for  includinp  order  d  in  the  ex¬ 
periment  was  to  see  what  the  results  would 
lool  ike  for  SA.M-V  if  it  were  to  follow  the 
VlA-NI).  Since  the  SA.M-\’  test  distances 
penerally  passed  a  smaller  proportion  of  the 
subjects  than  the  Verlioeff  and  ll-I)  methods 


(lid,  li  is  foil  that  in  the  long  nm  SAM-V  would 
qualify  very  few  additional  subjects  over  the 
VTA-NI). 


All  of  the  results  driven  iibove  are  dependent 
on  the  pass  or  fail  criteria  for  the  different 
me'  hods. 


The  proportion  of  subjects  passing  the 
VTA-ND  through  at  least  group  C  was  com¬ 
pared  with  tlu1  Verhoeff  results  since  the  ./s 
were  quite  comparable  110"  and  It'd", 

respectively  )  Statistical  results  showed  no 
significant  differem  >■  in  proportion  of  “passes” 
between  these  two  outcomes.  However,  there 
was  some  indication  (P  ■  .10)  that  the  propor¬ 

tion  of  subjects  passing  VTA-NI)  through 
group  F  was  smaller  than  the  proportion  pass¬ 
ing  the  1 1  - 1 )  ( ,/  15"  and  11",  respect  ive- 

Iv).  The  results  are  shown  in  table  VII. 


TAItLK  VI 
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TABFF  VII 


Pass-fail  ri  salts  tnrihrs  rninhiin  il )  in  a  2  .r  2 
a  r  ran  pi  mint  of  1  'TA-C  (Ihrniiph  primp  C) 
anil  Yt  rlnn  II  anil  also  nf  VTA-P  anil  II-P 


^ppwnuin  11  ni..uwwiiiiipjiimwinw 


A  total  of  SO  subjects  passed  I  ho  VTA 
through  group  ('  (.,  •”><*") .  Kd  through 

group  I)  (7  25"),  K1  through  jtriitiii  K 

(,/  20"),  and  72  through  group  F  (-, 


15"). 


Nine  subjects  failed  the  Verhoeff  by  hav¬ 
ing  a  wrong  response  on  one  or  more  of  tilt1 
eight  trials.  The  following  shows  a  distribu¬ 
tion  of  tile  numl.'er  of  trials  that  wee  missed: 


Xmnbrr  of 
trials  missrri 


1  (  Subj.  No.  :M. 

ordi*r  1  ) 


Considering  that  the  ll-l)  mean  distance 
variation  allows  an  alignment  error  of  double 
the  resultant,  the  following  comparisons  are 
made:  ( 1)  The  for  a  .'15  mm.  mean  variation 
in  the  1 1  - 1 )  test  is  computed  to  be  Id  seconds  of 
arc.  Assuming  that  the  spread  from  the  fixed 
bar  can  vary  over  70  mm.,  this  would  really 
represent  2(1  seconds  of  arc.  This  comparison 
is  made  with  the  VTA-NI)  in  table  VIII.  A 
similar  analysis  is  made  for  the  15  mm.  mean 
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FIGURE  7 

Sample  Hterriipnix  s'-ore  xhcct  far  each  of  the  four  method u  tented. 


The  Howard-Dolman  qualified  fewer  sub¬ 
jects  than  either  of  the  other  two  standard 
methods.  It  is  therefore  recommended  that 
this  ins'rument  be  eliminated  as  a  terminal 
requirement. 

Contrary  to  Verhoeff's  (22)  expectation, 
the  SAM-V  at  an  equivident  stereoscopic  angle 
pitssed  a  smaller  number  of  subjects  than  the 
DPA-V.  The  examinees  wt>re  restricted  by  a 
headrest  with  the  SAM-V,  and  this  was  not 
required  with  the  DPA-V.  Additionally,  the 
DPA-V  was  hand-held,  while  the  SAM-V  was 
positioned  on  a  stable  platform  (16).  It  is 
believed  that  these  differences  in  test 


procedures  might  account  in  part  for  the  dif¬ 
ferences  in  the  results. 

The  stereopsis  tests  presently  employed  are 
static.  True  depth  judgments,  particularly  by 
the  pilot,  are  almost  always  of  a  dynamic 
nature.  It  is  considered  that  a  dynamic  test 
for  stereopsis  be  devised  which  involves,  for 
example,  the  alignment  of  a  target  and  a  probe, 
in  motion,  in  tri-dimensional  space.  The  con¬ 
cept  is  similar  to  the  operation  of  an  air-to-air 
refueling  system.  The  stereoscopic  angular 
(>;)  subtense  recommended  for  the  ta:  get  would 
be  32  seconds  of  arc,  comparable  to  that  in  the 
Verhoeff  test  (22). 
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